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Background of the Invention 

Field of the Invention 

The present invention is generally related to communication systems and more 
particularly to an antenna system used in communication systems. 

Description of the Related Art 



Conmiunication systems such as wireless systems and other systems have 
various system equipment that are designed to meet the capacity needs of the system. 
15 System equipment such as an antenna system is critical in defining the capacity of 
many types of conmiunication systems including wireless communication systems. 
An antenna system typically comprises an antenna array (consisting of antenna 
elements), power amplifiers, baseband radios and beam formers. The beam formers 
are devices that process signals from one or more antenna elements to form a 
20 composite signal having a certain beam width and direction of propagation. The 
y baseband radios generate the signals that are processed by the beam formers, 

amplified by the power amplifiers and transmitted (or received) via the antenna array. 

Service providers, which are entities that own, operate and control the system 
25 equipment, are constantly altering and/or modifying their antenna system to meet the 
changing capacity needs of their communication system. The capacity of a 
conmiunication system is the amount of total information that can be properly 
conveyed in a communication system. Generally, the capacity of a communication 
system is directly related to the number of subscribers that can properly use the system 
30 at any instant of time. Indeed, as more subscribers use a system, more information is 
conveyed within the system. Service providers often have to deploy additional 
antenna system equipment to meet increasing capacity needs of their system. The 
deployment of additional antenna system equipment to meet increasing capacity needs 
is often disadvantageous because of the vacillation that occurs in the capacity 
35 demands. At various times when the capacity demands decrease, the additional 



20 



25 



30 



deployed equ^n, |s „oc used and thus become a source Wystem inefficiency ,n 
such casss. equipment removal or the physical transfet^nce of equipment from one 
pomt in the system to another point is wananled. 

5 To combat the problem of inefficient equipment usage, system ptovtders 

employ system operators who allocate (i.e.. physically install) the antenna system 

equipment as they are needed th„>ughout a communication system. However as the 
communication system expands, more and more such operators a« needed thus 
.ncasmg the cost of operating the system and also the complexity of keeping track of 
) past equipment deployment increases. Furtier, very often the capacity demands 
change at such a fast rate that the deployment or transference or ..moval of antenna 
system equipment cannot be done fast enough to sufficiently meet the capacity 
demands of a comn„unicaUon system. Consequently, system providers have to leson 
to other techniques to address the issue of inefficient antenna system equipment usage. 

One technique used to address the issue of efficient use of system equipment is 
the application of slatisdcal analysis to meet the capacity demands of a 
communication system. In many wireless communication systems, the system 
providers allocate system equipment to various portions of the system based on 
empirically derived statistical smdies of the capacity demands of the communicaUon 
system. In such wireless communicaUon systems, many of which are divided into 
cells, the allocation of system equipment is done with the goal of not having to make 
allocation modifications to the system equipment serving U,e cells. A cell is a 
pariicular defined geographic area that is served by radio equipment and p,x>cessing 
equipment of a wireless communication system. Typically, a cell is subdivided into 
sectors and the allocation of equipment is done on a sector by sector basis. For 
example, more amplifiers and antennas may be allocated to a cenain sector of a cell 
than other sectors of that same cell because the certain sector has a higher statistical 
average capacity than the other sectors. Although the statistical technique may 
improve the efficiency in the usage of the antenna system equipment, there will be 
many times where the actual capacity demand of the sector will be significantly lower 
than the stadstical average. When the capacity demand is lower than the empirically 
denved statistical average, the additional deployed equipment become underutiU^ed 
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resulting again in inefficiency. Therefore, in many cases and depending on the 
particular communication system, the statistical approach may ultimately prove to be 
relatively inefficient. 

What is therefore needed is a system and method for properly allocating 
antenna system equipment throughout a communication system to meet the varying 
capacity needs of the system resulting in the efficient usage of such equipment. 



The present invention is a beam on demand system and method for 
automatically allocating equipment to various portions of a communication system 
based on the capacity demands of the system. In a preferred embodiment of the 
system and method of the present invention, the beam on demand system determines 
the capacity demands of one or more portions of a wireless conmiunication system in 
terms of the transmission power level of equipment assigned to the portions (e.g., 
sectors of cells) of a wireless conmiunication system. The capacity demands of 
various portions of the communication system are met by switching equipment 
serving one portion to another portion of the communication system. The switching is 
done such that the portion of the communication system from which the equipment 
are switched will still be adequately served by the remaining equipment; that is, the 
remaining equipment will operate at or below a power threshold (or any other type of 
capacity threshold) established for the affected portion. Also, the equipment to which 
the switched equipment is added will also operate at or below its threshold. In sum, 
various equipment can be switched among the various portions of the communication 
system to prevent any portion from operating beyond its established capacity. For 
ease of explanation and illustration only, the present invention is described in terms of 
a cellular wireless communication where the portions of the conmiunication system 
are portions of a cell called sectors and the switched equipment are amplifiers and 
antenna elements. It will be readily obvious that the method and system of the present 
invention is applicable to other types of equipment and other defined portions of a 
communication system. 



Summary of the Invention 
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Brief Description of the Drawings 



FIG. 1 depicts the beam on demand system of the present invention. 
FIG. 2 depicts the assignment of equipment from the system of FIG. 1 to sub- 
sectors of a cell of a wireless communication system. 



The present invention is a beam on demand system and method for 
automatically allocating equipment to various portions of a communication system 
based on the capacity demands of the system. In a preferred embodiment of the 
system and method of the present invention, the beam on demand system determines 
the capacity demands of one or more portions of a wireless coimnunication system in 
terms of the transmission power level of equipment assigned to the portions (e.g., 
sectors of cells) of a wireless communication system. The capacity demands of 
various portions of the conrmiunication system are met by switching equipment 
serving one portion to another portion of the conmiunication system. The switching is 
done such that the portion of the conmiunication system from which the equipment 
are switched will still be adequately served by the remaining equipment; that is, the 
remaining equipment will operate at or below a power threshold (or any other type of 
capacity threshold) established for the affected portion. Also, the equipment to which 
the switched equipment is added will also operate at or below its threshold. In sum, 
various equipment can be switched among the various portions of the conmiunication 
system to prevent any portion from operating beyond its established capacity. For 
ease of explanation and illustration only, the present invention is described in terms of 
a cellular wireless communication where the portions of the communication system 
are portions of a cell called sectors and the switched equipment are amplifiers and 
antenna elements. It will be readily obvious that the method and system of the present 
invention is applicable to other types of equipment and other defined portions of a 
communication system. It will be further obvious that the capacity demands of the 
various portions of a communication system can be defined in a variety of forms such 
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as the number of users being served by the various portions or the amount of 
information being conveyed in the various portions; that is, the representation of 
capacity demands is not limited to only transmission power levels. The term 
"couple" refers to a procedure that allows one equipment to transmit signals to another 
equipment that receives the signals. The term "uncouple" refers to a procedure that 
prevents equipment (previously coupled) from transmitting and/or receiving signals 
between each other. The term "switching" refers to a procedure that performs a 
coupling and an uncoupling operation. 

Referring to FIG. 1, there is shown the beam on demand system of the present 
invention comprising a plurality of amplifiers 118 whose inputs are switchably 
coupled to radios 102, 104 and 106 via beam formers 112, 114 and 116 respectively 
and switch matrix 108. Each output of each of the amplifiers is coupled to an antenna 
element of antenna array 120. The antenna elements and the amplifiers are arranged 
into three distinct groups where each group has several members. The first group 
comprises antennas 120A-120D and amplifiers 1 18A-1 18D. The second group 
comprises antenna elements 120E-120H and amplifiers 118E-118H. The third group 
comprises antenna elements 120I-120L and amplifiers 1 181-1 18L. Radio 102 is 
assigned to the first group; that is, a signal originating from radio 102 is routed to 
beam former 112 by switch matrix 108. Beam former 1 12 processes the signal and 
applies it to an input of one of the amplifiers belonging to the first group. Radio 104 
is assigned to the second group and radio 106 is assigned to the third group. Signals 
from radios 104 and 106 are similarly routed to the second and third group 
respectively. It will be readily understood that the beam on demand system of the 
present invention comprises other type of equipment (e.g., microprocessors, filters, 
computer hardware) typically used by communication systems and is thus not limited 
to the equipment shown in FIG. 1. In essence, FIG. 1 depicts equipment provided by 
a service provider so as to serve various portions (e.g., sectors, sub-sectors of a cell) of 
a communication system. 



Each of the amplifiers in all three groups generates a transmission power level 
signal received by controller 1 10 via path 122. Controller 1 10, which contains power 
detection circuitry, monitors the transmission power level of one or more groups or 
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monitors the transmission power level of one or more members of the groups. 
Controller 110 in turn generates a control signal received by switch matrix 108 and 
the radios via path 124 where such control signal is based on the transmission power 
level signals received from the equipment groups and on a defined transmission power 
threshold. The defined transmission power threshold is one type of parameter that 
corresponds to a capacity threshold that can be established for the various portions of 
the conmiunication system. The defined transmission power threshold is arbitrarily 
determined by either a service provider or by the manufacturer of the antenna system. 
The defined transmission power threshold can correspond to a percentage of the 
capacity of a group of equipment assigned to a portion of the conmiunication system 
or a percentage of the capacity of each member of that group. For example a group 
having a capacity corresponding to 100 watts may have a threshold set at 80 watts 
such that when the power being transmitted by this group reaches 80 watts, controller 
110 will switch one or more members of that group to another group to reduce the 
capacity demands being experienced by that group. In essence, controller 1 10 
monitors the provided equipment to determine the capacity demands of the various 
portions of a conmiunication system. 

The control signal on path 124 causes switch matrix 108 to couple or uncouple 
(i.e., disconnect) one or more of the amplifiers (and corresponding antenna) to or from 
a radio. Therefore, an amplifier (and corresponding antenna) will be coupled or 
uncoupled to or from a particular radio based on the transmission power levels of that 
amplifier or other amplifiers and a defined transmission power threshold. In this 
manner, amplifiers can be automatically allocated to particular radios serving certain 
sectors or sub-sectors based on power demands (or capacity demands) of the different 
groups of equipment vis-a-vis each other. In sum, automatic allocation refers to the 
generation of a control signal that causes provided equipment serving one portion of 
the communication system to serve another portion of the communication system. For 
illustrative purposes only, the operation of the system and method of the present 
invention will be explained in the context of the cellular configuration depicted in 



no. 2. 
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Referring now to FIG. 2, there is shown one cell (200) that is part of an overall 
cellular wireless communication system. The antenna system 100 of the present 
invention is located at or near the center of the cell. It is noted that the cell is shown 
as being hexagonal in shape for illustrative purposes only; the actual cell area may be 
of any shape. Cell 200 is divided into three equal sectors, viz., Sector a , Sector P 
and Sector y , each having an angle of 120*". Sector a is bounded by demarcations 
200A and 200B. Sector ^ is bounded by demarcations 200C and 200B and Sector y 
is bounded by demarcations 200A and 200C. Each sector is further divided into four 
30^ sub-sectors. Thus, Sector a comprises sub-sectors a^, a^, and a^; Sector 

0 comprises sub-sectors , fi^^ A A i Sector y comprises sub-sectors y^ , 
^2 , ^3 and y^ . 

Each group is assigned to a particular sector; thus, the first group is assigned 
to sector a and, in particular, amplifier USA and antenna element 120 A are assigned 
to sub-sector . Amplifier 1 18B and antenna element 120B are assigned to sub- 
sector . Amplifier 1 18C and antenna element 120C are assigned to sub-sector . 
Amplifier USD and antenna element 120D are assigned to sub-sector . The 
second and third groups are similarly assigned to sectors and y respectively. In 
particular, amplifier 1 18E and antenna element 120E are assigned to sub-sector 0^ ; 
amplifier 1 18F and antenna element 120F are assigned to sub-sector ' amplifier 
1 18G and antenna element 120G are assigned to sub- sector 0^ ; amplifier 1 18H and 
antenna element 120H are assigned to sub-sector 0^ . For the third group, amplifier 
1 181 and antenna element 1201 are assigned to sub-sector y^ ; amplifier 1 18J and 
antenna element 120J are assigned to sub-sector y^ ; amplifier 1 18K and antenna 
element 120K are assigned to sub-sector y^ ; amplifier 1 18L and antenna element 
1 18L are assigned to sub-sector y^ . 



30 



The antenna elements and amplifiers assigned to particular sub-sectors, serve 
the users located in those sectors. Further, the antenna elements and amplifiers 
assigned to particular sub-sectors are limited to a certain amount of power that is 
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directly related to the capacity of the sub-sector. The amount of power to which such 
equipment are limited determines the aggregate amount of information that such 
equipment can convey. A particular set of equipment may be reaching its limit 
because of relatively few users conveying a relatively large amount of information or 
5 many users each conveying small amounts of information. Regardless of the make up 
of the active user population in a particular sub-sector, the equipment assigned to such 
a sub-sector has to meet the capacity demands of that sub-sector. A service provider 
can arbitrarily set a power threshold (e.g., transmission power threshold or any other 
well known capacity related threshold) above which it will not allow its equipment to 
10 operate. 

When the transmission power level of the group serving a particular sub-sector 
reaches the set power threshold, the antenna system and method of the present 
invention switches part of that group to another sector that can still operate within its 
i|1 15 threshold limit even with the added new equipment. For example, suppose a 
transmission power threshold is set for each of the sectors depicted in FIG. 2. 
Suppose further that sector a is operating at or near its capacity; this will be 
manifested by the aggregate power transmitted by equipment in the first group (i.e., 
amplifiers 1 18A-1 18D and antenna elements 120A-120D) being at or near the 
20 transmission power threshold set for that group. Referring to FIG. 1, the aggregate 
transmission power for sector a is detected by controller 1 10 of antenna system 100 
which compares it to the transmission power threshold set for the first group. The 
controller then decides, based on criteria set by the service provider or the 
manufacturer of the antenna system, whether the aggregate transmission power level 
25 warrants switching some of the equipment from sector a to another sector in order to 
lessen the capacity demands on the equipment serving sector a . Controller 110 will 
then determine the aggregate power of the other groups and further determine whether 
any of the other groups can still operate below their set power threshold even after 
some of the equipment (i.e., members) from the first group is switched to one or more 
30 of these other groups. Controller 1 10 makes these determinations by comparing the 
aggregate power of the groups with the power threshold established for the groups. 
Controller 1 10 will then select one of those groups which can still operate within its 
threshold even after having additional equipment is switched to it. 
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In sum, controller 110 generates the control signal causing equipment to be 
switched between portions of the communication system to meet the capacity 
demands of the various portions. For example, equipment is automatically transferred 
5 (or allocated) from one portion to another portion to meet the capacity demands of one 
or both portions. Controller 1 10 first determines the capacity demands of the portion 
of the communication system to which equipment is to be switched. Controller 1 10 
causes the equipment to be switched when the capacity demand of the portion is 
calculated (or determined) to be below an established capacity threshold (e.g., power 
10 level, number of subscribers, amount of information) even after the equipment has 
been switched. 

The equipment (from the first group) to be switched to the another group can 
be selected by controller 1 10 based on a variety of criteria. For example, controller 
110 can select the equipment serving a sector that has the highest capacity demand in 
the first group and switch those equipment to another group. Controller 110 can also 
select several members of the first group and switch those equipment to another 
group. Regardless, of what criterion is used by controller 110, it switches certain 
equipment from the first group until the aggregate power transmitted by the remaining 
equipment of the first group operates below the set power threshold for the first group 
and the group to which the switched equipment is added also operates below its 
established power threshold. 

Alternatively, a power threshold can be established for each member in a 
25 group of equipment instead of a threshold for the overall group of equipment. In such 
a case, controller 1 10 will compare the power transmitted by a member of the group to 
the power threshold established for that member. Controller 1 10 will switch 
equipment from the group to another group until each member of the remaining group 
operates at a power level below the threshold set for that member. 

30 

Continuing with our example, controller 1 10 has determined that the second 
group of equipment (serving sector p ) can still operate below its threshold even after 
amplifier 118D and antenna element 120D are switched to it. Controller 110 
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generates a control signal onto path 124 causing switch 108 to uncouple amplifier 
1 18D and antenna element 120D from radio 102. Amplifier USD and antenna 
element 120D are now coupled to radio 104 which is serving sector P . Thus, 
sector y3 has in effect been expanded to include a fifth sub-sector. The control signal 
on path 124 causes signals heretofore originating from radio 102 and transmitted 
through amplifier USD and antenna element 120D to now originate from radio 104. 
Controller 110 can continue to switch equipment from one group to another group to 
allow each group to operate below its capacity threshold. 

The system of the present invention is not limited to any particular 
implementation. Antenna array 120 can also be implemented as a group of antennas 
each of which is coupled to an output of an amplifier. Controller 1 10 can be 
implemented with a microprocessor and control circuitry or as a digital signal 
processor. Radios 102, 104 and 106 are implemented as analog/digital radio circuitry, 
or other well known radio circuitry typically used in wireless or wireline 
communication systems. Switch matrix 108 can be implemented as any well known 
digital and/or analog switch matrices for routing radio signals. 




